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I n  t h e  1987  G e o r g i a  I n s t i t u t i o n a l  C o n s e r v a t i o n  
Program ( I C P ) ,  recommendat ions  f o r  i n s t a l l a t i o n  o f  
r e f l e c t o r s  i n  f l u o r e s c e n t  f i x t u r e s  accompanied  by 
de lamping  t o t a l e d  $5.4 m i l l i o n .  Concerned  w i t h  t h e  
e f f e c t s  o f  t h e s e  recommendat ions  o n  l i g h t  l e v e l s ,  
t h e  G o v e r n o r ' s  O f f i c e  o f  Energy R e s o u r c e s  a s k e d  t h e  
G e o r g i a  Tech  R e s e a r c h  I n s t i t u t e  t o  q u a n t i f y  t h e  
c h a n g e  i n  l i g h t  l e v e l s .  T h i s  p a p e r  summar izes  t h e  
s t u d y  and i ts f i n d i n g s ,  and s u g g e s t s  what  
c o n d i t i o n s  f a v o r  t h e  u s e  o f  r e f l e c t o r s .  
The s t u d y  found  t h a t  i n s t a l l i n g  s p e c u l a r  
r e f l e c t o r s  i n  f l u o r e s c e n t  f i x t u r e s  accompanied  by 
5 0  p e r c e n t  de lamping  r e s u l t e d  i n  r e d u c e d  l i g h t  
l e v e l s  o f  6 0  t o  80 p e r c e n t  o f  d e s i g n  l i g h t  l e v e l s .  
The c o n t i n u o u s  row f i x t u r e s  i n  t h e  s t u d y  showed t h e  
g r e a t e s t  v a r i a t i o n  i n  l i g h t  l e v e l s  r a n g i n g  f rom 52 
p e r c e n t  between rows  t o  80 p e r c e n t  u n d e r  rows  f o r  
a n  a v e r a g e  o f  n e a r l y  70  p e r c e n t .  L i g h t  l e v e l s  i n  
rooms w i t h  f i x t u r e s  o n  a n  e v e n  g r i d  s p a c i n g  r a n g e d  
from 7 3  p e r c e n t  between f i x t u r e s  t o  8 6  p e r c e n t  
u n d e r  f i x t u r e s  f o r  room a v e r a g e s  o f  75 t o  80 
p e r c e n t .  R e f l e c t o r s  i n  rooms w i t h  h i g h e r  c e i l i n g s  
gave  more u n i f o r m  l i g h t  d i s t r i b u t i o n s  b u t  r e s u l t e d  
i n  s l i g h t l y  l o w e r  a v e r a g e  l i g h t  l e v e l s .  T h e  s t u d y  
c o n c l u d e d  t h a t  f l u o r e s c e n t  f i x t u r e  r e f l e c t o r s  
accompanied  by de lamping  is a v i a b l e  means t o  
r e d u c e  l i g h t i n g  e n e r g y  consumpt ion  i f  a  r e d u c t i o n  
i n  d e s i g n  l i g h t  l e v e l s  is a c c e p t a b l e .  
BACKGROUND 
F l u o r e s c e n t  f i x t u r e  r e f l e c t o r s  i n c r e a s e  l i g h t  
o u t p u t  f rom a g i v e n  f i x t u r e  by t w o  means. F i r s t ,  
t h e  r e f l e c t o r  i s  s p e c i f i c a l l y  d e s i g n e d  t o  d i r e c t  
more l i g h t  t o  t h e  work s u r f a c e  t h a n  a r e  s t a n d a r d  
f i x t u r e s .  S e c o n d l y ,  s p e c u l a r  r e f l e c t o r s  h a v e  a 
somewhat h i g h e r  s u r f a c e  r e f l e c t i v i t y  t h a n  p a i n t e d  
f i x t u r e s .  
When f l u o r e s c e n t  f i x t u r e  r e f l e c t o r s  w e r e  f i r s t  
i n t r o d u c e d ,  v e n d o r s  and m a n u f a c t u r e r s '  
r e p r e s e n t a t i v e s  c l a i m e d  t h e y  c o u l d  m a i n t a i n  o r  
i n c r e a s e  l i g h t  l e v e l s  w h i l e  r e d u c i n g  e n e r g y  
consumpt ion  by 5 0  p e r c e n t .  The e n e r g y  s a v i n g s  was 
a c c o m p l i s h e d  by removing h a l f  o f  t h e  lamps and 
d i s c o n n e c t i n g  h a l f  o f  t h e  b a l l a s t s .  Four-lamp 
f i x t u r e s  w e r e  reduced  t o  two lamps.  One lamp was 
removed f rom two-lamp s t r i p  f i x t u r e s  and o n e  
b a l l a s t  was w i r e d  between two f i x t u r e s .  The 
r e f l e c t o r  v e n d o r s  and m a n u f a c t u r e r s '  
r e p r e s e n t a t i v e s  had documented f i e l d  s t u d i e s  t o  
s u p p o r t  t h e i r  claims. An i n t e g r a l  p a r t  of  t h e  
s a l e s  program was t o  measure  as-found l i g h t  l e v e l s  
and compare  them t o  t h e  l i g h t  l e v e l s  o b t a i n e d  a f t e r  
t h e  r e f l e c t o r s  had been  i n s t a l l e d .  
F i x t u r e  m a n u f a c t u r e r s  and l i g h t i n g  e n g i n e e r s  
r a i s e d  q u e s t i o n s  a b o u t  t h e s e  claims. Most  
commerc ia l  f i x t u r e s  d i r e c t  55 t o  7 5  p e r c e n t  of  t h e  
l i g h t  f rom t h e  f l u o r e s c e n t  l amps  t o  t h e  work p l a n e .  
F o r  e q u a l  i l l u m i n a t i o n  l e v e l s  t o  b e  m a i n t a i n e d  w i t h  
h a l f  o f  t h e  lamps  removed would r e q u i r e  t h a t  t h e  
f i x t u r e  e f f i c i e n c y  b e  i n c r e a s e d  t o  o v e r  1 0 0  
p e r c e n t 1  It was s p e c u l a t e d  t h a t  t h e  r e f l e c t o r  
v e n d o r s  and  r e p r e s e n t a t i v e s  w e r e  t a k i n g  c r e d i t  f o r  
l i g h t  l e v e l  i n c r e a s e s  d u e  t o  c l e a n i n g  o r  r e p l a c i n g  
t h e  l e n s  c o v e r s  and i n s t a l l i n g  new l a m p s .  F u r t h e r  
q u e s t i o n s  w e r e  a l s o  r a i s e d  a b o u t  t h e  d u r a b i l i t y  o f  
t h e  r e f l e c t o r s  ( e s p e c i a l l y  t h e  f i l m  t y p e s  p r o n e  t o  
d e l a m i n a t i o n  and  b u b b l i n g  i n  s o l a r  a p p l i c a t i o n s )  
and t h e  e f f e c t  t h a t  c l e a n i n g  (and  t h e  a s s o c i a t e d  
s c r a t c h e s )  would h a v e  upon r e f l e c t i v i t y .  
Under t h e  I n s t i t u t i o n a l  C o n s e r v a t i o n  Program 
( ICP) ,  which  p r o v i d e s  e n e r g y  a u d i t s  and  g r a n t s  t o  
implement e n e r g y  c o n s e r v a t i o n  m e a s u r e s  i n  s c h o o l s  
and h o s p i t a l s ,  s p e c u l a r  r e f l e c t o r s  w e r e  recommended 
f r e q u e n t l y  a s  a  means t o  r e d u c e  f l u o r e s c e n t  
l i g h t i n g  e n e r g y  consumpt ion .  I n  1987 ,  $5 .4  m i l l i o n  
w o r t h  o f  r e f l e c t o r s  w e r e  recommended f o r  
i n s t a l l a t i o n  i n  G e o r g i a  s c h o o l s .  B e c a u s e  o f  t h e  
m a g n i t u d e  o f  t h e  r e f l e c t o r  recommendat ions  and  t h e  
u n c e r t a i n t y  o f  t h e i r  e f f e c t  upon l i g h t  l e v e l s ,  t h e  
Energy  R e s o u r c e s  Group o f  t h e  G e o r g i a  Tech  R e s e a r c h  
I n s t i t u t e  was a s k e d  t o  c o n d u c t  l i g h t  l e v e l  
measurements  i n  f o u r  r e p r e s e n t a t i v e  c l a s s r o o m s .  
P r i o r  t o  t h e  1 9 8 7  G e o r g i a  ICP,  a l l  known s t u d i e s  
t h a t  a t t e m p t e d  t o  c o m p a r e  l i g h t  l e v e l s  w e r e  
p e r f o r m i n g  t h e  c o m p a r i s o n  on u n e q u a l  b a s e s .  A 
t e s t i n g  method t o  d e t e r m i n e  t h e  a c t u a l  e f f e c t s  of  
f l u o r e s c e n t  f i x t u r e  r e f l e c t o r s ,  s c r e e n i n g  o u t  s u c h  
v a r i a b l e s  a s  new l a m p s  and  c l e a n e d  l e n s e s ,  was 
d e v i s e d  and is  d e t a i l e d  i n  t h e  n e x t  s e c t i o n  o f  t h i s  
r e p o r t .  Only r e f l e c t i v e  f i l m  ( s p e c u l a r )  r e f l e c t o r s  
w e r e  s t u d i e d .  The  test method was  p r e p a r e d  w i t h  
t h e  a s s i s t a n c e  o f  r e f l e c t o r ,  l amp and f i x t u r e  
m a n u f a c t u r e r s .  
The t e s t i n g  was  c o n d u c t e d  i n  f o u r  c l a s s r o o m s  on  
two campuses ,  two a t  B e u l a h  E l e m e n t a r y  S c h o o l  i n  
D o u g l a s v i l l e ,  G e o r g i a ,  and two a t  Augus ta  C o l l e g e  
i n  Augus ta ,  G e o r g i a .  The campuses  w e r e  s e l e c t e d  
b e c a u s e  r e f l e c t o r  i n s t a l l a t i o n s  had been 
recommended f o r  b o t h  of them u n d e r  t h e  ICP program.  
T h e  c l a s s r o o m s  w e r e  s e l e c t e d  a s  b e i n g  
r e p r e s e n t a t i v e  of c l a s s r o o m s  on t h e  r e s p e c t i v e  
campuses.  The r e f l e c t o r s  i n s t a l l e d  i n  t h i s  s t u d y  
w e r e  s p e c i f i c a l l y  d e s i g n e d  by t h e  r e f l e c t o r  
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m a n u f a c t u r e r s  t o  o b t a i n  o p t i m a l  p e r f o r m a n c e  f rom s u r f a c e  u n d e r  a mark on  t h e  c e i l i n g  by u s e  o f  a 
t h e  f i x t u r e s  p r e s e n t  i n  e a c h  c l a s s r o o m .  plumb-bob. I n  Room A-4, m e a s u r e m e n t s  w e r e  made 
from t h e  same c o r n e r  o f  t h e  immovable s t u d e n t  
TEST DETAILS d e s k s .  
suEUufS  M e t e r  C a K t u & & ~  E r r o r s .  V a r i a t i o n s  i n  l i g h t  
T h r e e  tests w e r e  s e l e c t e d  t o  show t h e  r e l a t i v e  l e v e l s  o f  up t o  50 p e r c e n t  w e r e  n o t e d  be tween  
e f f e c t  o f  r e f l e c t o r s  on  l i g h t  l e v e l s :  meters by t h e  same m a n u f a c t u r e r .  T h i s  meter is 
w i d e l y  used  by e n e r g y  e n g i n e e r s .  More 
T e s t  1: L i g h t  l e v e l  w i t h  e x i s t i n g  l a m p s  a n d  s o p h i s t i c a t e d  meters h a v e  much b e t t e r  r e p e a t a b i l i t y  
f i x t u r e s  (as-found c o n d i t i o n ) .  and a c c u r a c y .  A c t i o n :  One meter was used  t o  make 
a l l  m e a s u r e m e n t s  and  a s e c o n d  meter was  u s e d  to  
T e s t  2: L i g h t  l e v e l  w i t h  new l a m p s  a n d  c l e a n e d  v e r i f y  c o n s i s t e n c y .  Both  meters w e r e  l a b o r a t o r y  
f i x t u r e s .  q u a l i t y  w i t h  h i g h  r e p e a t a b i l i t y  and a c c u r a c y .  
T e s t  3: L i g h t  l e v e l  w i t h  5 0  p e r c e n t  de lamp and 
r e f l e c t o r s .  
T e s t i n g  v a r i e d  from t h i s  f o r m a t  o n l y  s l i g h t l y .  
One c l a s s r o o m  a t  Beulah  S c h o o l  had a l r e a d y  b e e n  
delamped p r i o r  t o  t h i s  s t u d y  a n d ,  t h e r e f o r e ,  a 
l i g h t  l e v e l  measurement o f  t h e  room w i t h  as - found ,  
fu l ly - lamped f i x t u r e s  was  n o t  made. At Augus ta  
C o l l e g e ,  i n t e r m e d i a t e  measurements  w e r e  made 
between T e s t  1 and T e s t  2 t o  d e t e r m i n e  w h a t  e f f e c t  
c l e a n i n g  a l o n e  c o u l d  h a v e  on  l i g h t  l e v e l s .  T h e s e  
tests, which a r e  i n  a d d i t i o n  t o  t h e  t h r e e  ment ioned  
above ,  are d e s c r i b e d  be low i n  " T e s t  R e s u l t s . "  
D u r i n g  a n y  f i e l d  test, it is i m p o r t a n t  t o  m i n i m i z e  
t h e  e f f e c t  o f  v a r i a b l e s  upon t h e  test  r e s u l t s .  
F o l l o w i n g  a r e  p o t e n t i a l  s o u r c e s  o f  e r r o r  and t h e  
a c t i o n s  t a k e n  t o  m i n i m i z e  t h e i r  e f f e c t  upon t h e  
test.  The  test p r o t o c o l  was d e s i g n e d  t o  t a k e  t h e s e  
f a c t o r s  i n t o  a c c o u n t .  
ExtraneousLinht. I n t e r f e r e n c e  o f  e x t e r i o r  
l i g h t  t h r o u g h  windows and d o o r s  may s i g n i f i c a n t l y  
i n c r e a s e  o r  e v e n  overpower  i n t e r i o r  l i g h t  l e v e l s .  
A c t i o n :  A l l  l i g h t  l e v e l  tests w e r e  c o n d u c t e d  a t  
n i g h t  and  o t h e r  l i g h t  s o u r c e s  t h a t  m i g h t  i n f l u e n c e  
t h e  test were  t u r n e d  o f f  o r  b l o c k e d  o u t .  
C t  and u. 
From t h e  time a lamp is  t u r n e d  on  u n t i l  i t  r e a c h e s  
a s t e a d y - s t a t e  t e m p e r a t u r e ,  t h e  l i g h t  o u t p u t  c a n  
v a r y  by 15 p e r c e n t .  A c t i o n :  Room l i g h t s  w e r e  
t u r n e d  o n  f o u r  h o u r s  p r i o r  t o  t e s t i n g  t o  a l l o w  
f i x t u r e  t e m p e r a t u r e  t o  s t a b i l i z e .  
-e o f  Room. Room t e m p e r a t u r e  c a n  
a f f e c t  t h e  l i g h t  o u t p u t  by f i v e  t o  t e n  p e r c e n t .  
A c t i o n :  Room t e m p e r a t u r e  was t a k e n  b e f o r e ,  d u r i n g  
and  a f t e r  l i g h t - l e v e l  tests. A m a j o r  f l u c t u a t i o n  
would r e q u i r e  r e p e a t i n g  t h e  test. 
NewLamas. L i g h t  o u t p u t  d u r i n g  t h e  f i r s t  1 0 0  
h o u r s  o f  a new lamp d e c l i n e s  r a p i d l y .  T y p i c a l l y ,  a 
f i v e  p e r c e n t  d e c r e a s e  i n  l i g h t  l e v e l  is o b s e r v e d .  
A c t i o n :  New lamps  w e r e  burned  c o n t i n u o u s l y  a f t e r  
i n s t a l l a t i o n  f o r  a minimum o f  1 0 0  h o u r s  b e f o r e  
r e a d i n g s  w e r e  t a k e n .  
-. A s i x - i n c h  d i f f e r e n c e  i n  
measur ing  l o c a t i o n  and  h e i g h t  may r e s u l t  i n  a t e n  
p e r c e n t  v a r i a t i o n  i n  l i g h t  l e v e l .  A c t i o n :  I n  e a c h  
room, a s t a n d a r d  s u r f a c e  was  c h o s e n  f r o m  which  t o  
t a k e  r e a d i n g s .  The m e t e r  was a l i g n e d  on  t h i s  
m n  i n  . . . V a r i a t i o n s  
i n  l i g h t  o u t p u t  be tween  lamps  of  o n e  m a n u f a c t u r e r  
o f  up t o  2 5  p e r c e n t  h a v e  b e e n  n o t e d .  A c t i o n :  T h i s  
p o t e n t i a l  p roblem was r e c o g n i z e d  b u t  l i t t l e  c o u l d  
b e  d o n e  a b o u t  i t  be tween  T e s t  1 and T e s t  2 w h e r e  
o l d  l a m p s  w e r e  r e p l a c e d  by new lamps .  The  new 
lamps  used i n  T e s t  2 and T e s t  3 w e r e  marked and  
r e i n s t a l l e d  i n  t h e  same l o c a t i o n s  and  w i t h  t h e  same 
o r i e n t a t i o n .  
Voltaee F l u c t a .  Two- th i rds  o f  o n e  p e r c e n t  
c h a n g e  i n  l i g h t  o u t p u t  p e r  v o l t a g e  v a r i a n c e  o f  o n e  
p e r c e n t  is t y p i c a l .  A c t i o n :  V o l t a g e  was  
c o n t i n u o u s l y  measured d u r i n g  t h e  test i n  o n e  room 
a t  b o t h  s c h o o l s  and s p o t  c h e c k s  w e r e  made i n  a l l  
rooms. S i g n i f i c a n t  v o l t a g e  f l u c t u a t i o n s  w e r e  n o t e d  
and  t e s t i n g  was suspended  i f  t h e  f l u c t u a t i o n  was  
g r e a t e r  t h a n  s e v e r a l  p e r c e n t a g e  p o i n t s .  
o f  u. R e v e r s i n g  t h e  d i r e c t i o n  o f  
t h e  lamp i n  t h e  f i x t u r e  o r  t u r n i n g  t h e  " t o p  s i d e  
down" may r e s u l t  i n  a v a r i a n c e  i n  l i g h t  o u t p u t .  
Actfon:  The  new lamps w e r e  marked w i t h  a g r e a s e  
pen. The  marked end  r e m a i n e d  f a c i n g  a p r e s e l e c t e d  
s i d e  o f  t h e  room and downward. The lamps  w e r e  a l s o  
marked l e f t  and  r i g h t .  
f u. The r e f l e c t i v i t y  o f  t h e  
w a l l s  w i l l  v a r y  w i t h  d i s p l a y s  a n d  d e c o r a t i o n s  a n d  
may c a u s e  s m a l l v a r i a t i o n s  i n  l i g h t  l e v e l .  F l o o r s  
a n d  c e i l i n g s  w e r e  n o t  a f a c t o r  b e c a u s e  d e s k s  w e r e  
removed f r o m  t h e  rooms when p o s s i b l e  and n o  c h a n g e s  
w e r e  made t o  t h e  c e i l i n g s .  A c t i o n :  L i g h t i n g  
m e a s u r e m e n t s  w e r e  made d u r i n g  r e l a t i v e l y  s h o r t  
p e r i o d s  ( o n e  t o  two weeks) t o  r e d u c e  t h e  c h a n c e s  o f  
m a j o r  c h a n g e s  i n  b u l l e t i n  b o a r d  d i s p l a y s .  
The  measurement g r i d  was  s e l e c t e d  t o  i n d i c a t e  
r e l a t i v e  room l i g h t  l e v e l s  r a t h e r  t h a n  a v e r a g e  room 
l i g h t  l e v e l s .  Measurement p o i n t s  w e r e  s e l e c t e d  a t  
e a s i l y  i d e n t i f i a b l e  p o i n t s  s u c h  as  c e i l i n g  j o i n t s  
and  c e n t e r s  o f  l i g h t i n g  f i x t u r e s .  As a r e s u l t ,  t h e  
a v e r a g e s  o f  a l l  l i g h t  l e v e l  measurements  i n  a g i v e n  
room is n o t  i n d i c a t i v e  o f  t h e  a v e r a g e  l i g h t  l e v e l  
o f  t h e  room a s  p r e s c r i b e d  by t h e  I l l u m i n a t i n g  
E n g i n e e r i n g  S o c i e t y  ( IES) .  The  employed 
measurement g r i d  d o e s  i n c l u d e  enough d a t a  p o i n t s  
e v e n l y  d i s t r i b u t e d  t h r o u g h  t h e  test rooms t o  a l l o w  
a c c u r a t e  c o m p a r i s o n  o f  r e l a t i v e  l i g h t  l e v e l  c h a n g e s  
w i t h i n  t h e  test  rooms.  
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Roam 103. Beulah School. The physical 
dimensions of Room 103 appear in Figure 1A. The 
fixtures were two-lamp pendant types, suspended 
from the ceiling in continuous rows, with diffusers 
covering the lamps. The fixtures were relatively 
shallow and lower-cost, lower-quality types. Both 
the lamps and the ballasts were energy-efficient 
varieties. 
Room 119. Beulah-. The room dimensions 
and fixture layout are shown in Figure 2A. The 
fixtures were four-lamp, lay-in types, located in 
continuous rows and enclosed with diffusers. Half 
of the lamps had been removed prior to the test. 
The fixtures were about average in depth and were 
lower cost. lower quality types. Both the lamps 
and the ballasts were energy-efficient varieties. 
- ug~sta C-. This room is a 
lecture hall, seating 120 persons. The floor 
slopes and the walls taper toward the front of the 
room. The room dimensions are given in Figure 3A. 
Fixtures were four-lamp types, flush-mounted on a 
typical grid spacing of 8'x 6' and enclosed with 
diffusers. Three fixtures were not functioning 
during the tests, two in the half of the room which 
was measured. The fixtures were relatively deep 
and of the lower-cost type. There was a mixture of 
energy-efficient and standard lamps and ballasts 
installed in the fixtures, but the overwhelming 
majority were energy-efficient. 
Roam 27 a t a  C o w .  This was a 
standard-size college classroom. The dimensions 
are given in Figure 4A. Fixtures were four-lamp, 
lay-in types with a 8'x 6'grid spacing and enclosed 
with diffusers. The fixtures were relatively deep 
and of the lower-cost type. There was a mixture of 
energy-efficient and standard lamps and ballasts 
installed in the fixtures, but the majority were 
energy-efficient. 
TEST RESULTS 
The following summarizes the lighting tests by 
room. The lighting test protocol was followed 
exactly except as noted below. Under "Results," 
as-found light levels are compared to cleaned, 
relamped fixture light levels. Cleaned, relamped 
fixture light levels are compared to delamped 
fixtures with reflectors. 
Another factor, the "light distribution ratio," 
compares the relative brightness of the measured 
light level beneath fixtures (max/avg) with that 
measured between fixtures and along the walls 
(min/avg) . Because ref lectors were said to 
concentrate light beneath the fixtures, this ratio 
was developed to indicate the degree of 
concentration. Uneven light distribution in a room 
is undesirable. The greater the increase in the 
light distribution ratio, the greater the increase 
in the light concentration beneath the fixture. 
The three-dimensional graphs shown in Figures 1 
through 4 depict relative light levels. The X and 
Y axes depict the dimensions of the measured half 
of the room. The Z axis is the measured light 
level expressed in footcandles. 
The Georgia Department of Education requires 70 
footcandles of illumination in new construction. 
After the grants for the 1987 ICP were awarded, the 
Department of Education extended this minimum light 
level rule to all retrofit lighting projects. Note 
that the reflector recommendations for the 1987 
grant cycle were made before this rule was in 
effect . 
-. Before each test, all the desks were 
moved into the hall. A representative desk was 
chosen on which to place the light meter. The 
meter and desk were aligned under the grid points 
by a plumb-bob. 
The tests were conducted according to the 
protocol without any modifications or aberrations. 
Temperatures and voltages for all readings varied 
by plus or minus two percent. 
m. In the as-found condition, the average 
light level measurement equaled 33 footcandles. 
When the fixtures were cleaned and relamped, the 
light level measurements increased by 18 to 25 
percent, depending on the location of the 
measurement, to an average of 40 footcandles. When 
the fixtures were delamped and reflectors were 
installed, the measured light level decreased to 52 
to 70 percent of the cleaned, relamped fixture 
light level. The average of all measurements after 
this step was 26 footcandles. Clearly, the light 
level in the room never sufficiently met the 
Department of Education's illumination guidelines. 
The higher light levels were measured under 
fixtures and the lower levels were recorded between 
fixtures and along the walls. Delamping and 
installing reflectors increased the average light 
distribution ratio from 1.63 to 1.95 as compared to 
fixtures which had been cleaned with new lamps 
installed. Room 103 did not appear to be a good 
candidate for reflectors because the light 
distribution ratio was already large and room light 
levels were already very low. Figures 1B through 
1D depict the light level intensity distributions 
for the room under the various lighting conditions. 
w. This room had mainly tables and chairs 
with only a few desks. The locations of the larger 
tables were marked and the tables were maintained 
in the same position for the duration of the tests. 
Chairs were stacked on the side of the room not 
involved in the testing, leaving the classroom open 
except for several large tables. One of the desks 
held the light meter and, where possible, was moved 
around the room with it. The meter was transferred 
onto the large tables instead of moving them to 
take readings. This did not have any effect on the 
accuracy or validity of the light-level 
measurements. In all cases, the height of the 
light meter remained constant. 
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FIGURE 1. DIMENSIONS AND LIGHT DISTRIBUTIONS FOR ROOM 103 
FIGURE 1A. DIMENSIONS OF ROOM 103 
FIGURE 16. AS-FOUND LIGHT LEVEL DlSTRlBUnON 
AVERAGE OF LIGHT LEVEL READINGS: 32.8 
FIGURE 1 C. CLEAN FIXTURES AND NEW LAMPS 
AVERAGE OF LIGHT LEVEL READINGS: 40.1 
FIGURE 1 D. DECAMPED AND REFLECTORS 
AVERAGE OF LIGHT LEVEL READINGS: 25.8 
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Because Room 119 had been delamped p r i o r  t o  t h e  
test measurements, a  f o u r t h  test was performed i n  
a d d i t i o n  t o  t h e  t h r e e  l i g h t - l e v e l  measurements 
mentioned above. The f o u r t h  t e s t ,  o c c u r r i n g  
between T e s t  2  and T e s t  3 ,  measured t h e  l i g h t  l e v e l  
o f  c l e a n ,  fully-lamped f i x t u r e s .  
Vol tage  and t empera tu re  va r i ed  by p l u s  o r  minus 
2  pe rcen t  du r ing  t h e  t e s t i n g  pe r iods .  
Results. A f t e r  c l e a n i n g  and i n s t a l l i n g  new 
lamps (bu t  no t  f u l l y  lamping),  t h e  l i g h t  l e v e l  
i nc reased  by 1 2  t o  16 pe rcen t ,  depending on t h e  
l o c a t i o n  of  t h e  r ead ing .  from an  ave rage  
measurement of  4 3  f o o t c a n d l e s  t o  an  ave rage  of  49 
foo tcand les .  R e f l e c t o r s  accompanied by delamping 
provided 5 8  t o  8 0  p e r c e n t  of  t h e  l i g h t  l e v e l  of  t h e  
c l eaned ,  fully-lamped f i x t u r e s ,  a  d e c r e a s e  from a  
measured average of 9 5  f o o t c a n d l e s  t o  64 
foo tcand les .  
A s  w i th  Room 103, l i g h t  l e v e l s  were g r e a t e r  
below f i x t u r e s  than  between them and a long  t h e  
wa l l s .  Delamping and i n s t a l l i n g  r e f l e c t o r s  
inc reased  t h e  ave rage  l i g h t  d i s t r i b u t i o n  r a t i o  from 
2.05 t o  2.80 a s  compared t o  f i x t u r e s  which had been 
c leaned wi th  new lamps i n s t a l l e d .  The o r i g i n a l  
l i g h t  l e v e l s  p r i o r  t o  delamping would seem t o  f a v o r  
r e f l e c t o r s ,  bu t  because t h e  room was a l r e a d y  
delamped and because o f  t h e  l a r g e  l i g h t  
d i s t r i b u t i o n  r a t i o ,  t h i s  room should  no t  have been 
cons ide red  f o r  r e f l e c t o r s .  The l i g h t  l e v e l  
i n t e n s i t y  d i s t r i b u t i o n  f o r  t h e  v a r i o u s  l i g h t i n g  
c o n d i t i o n s  i n  t h e  room i s  shown i n  F i g u r e s  2B 
through 2D. 
-. The desks  i n  Room A-4 were immovable 
and t h e  f l o o r  s loped toward t h e  f r o n t  o f  t h e  room. 
L igh t - l eve l  r e a d i n g s  were t aken  from t h e  t o p  l e f t  
co rne r  of a l l  t h e  desks  i n  one h a l f  of t h e  room. 
Room A-4 v a r i e d  from t h e  p reced ing  two rooms i n  
t h a t  t h e  f i x t u r e s  were n o t  l a i d  o u t  i n  rows b u t  
evenly  d i s t r i b u t e d  ove r  t h e  room. 
During t h e  t h i r d  t e s t ,  v o l t a g e  changed 
s i g n i f i c a n t l y  and a f f e c t e d  l i g h t  l e v e l s .  When t h e  
l i g h t  l e v e l s  r e t u r n e d  t o  t h e i r  p r e v i o u s  r ead ings ,  
v o l t a g e  remained somewhat h ighe r .  An a t t empt  was 
made t o  de te rmine  t h e  cause  of l i g h t  l e v e l  
f l u c t u a t i o n s  b u t  even c o n v e r s a t i o n s  wi th  t h e  
e l e c t r i c  u t i l i t y  r e v e a l e d  nothing.  For both  t h e  
t h i r d  and f o u r t h  t e s t s ,  a  c o n t r o l  l i g h t  s o u r c e  was 
f r e q u e n t l y  remeasured t o  e n s u r e  r e l i a b l e  d a t a .  
Temperature  v a r i e d  d u r i n g  and between t h e  t e s t s  
by no t  more than  p l u s  o r  minus 3.4 pe rcen t .  
Vol tage  v a r i e d  by p l u s  o r  minus f o u r  pe rcen t .  
Results. Cleaning t h e  lamps, f i x t u r e s  and 
l e n s e s  r e s u l t e d  i n  an  ave rage  l i g h t  l e v e l  i n c r e a s e  
of  f i v e  pe rcen t ,  from 102 t o  107 foo tcand les .  
Relamping inc reased  ave rage  l i g h t  l e v e l s  ano the r  10 
pe rcen t ,  t o  118 foo tcand les .  R e f l e c t o r s  and 
delamping r e s u l t e d  i n  a n  ave rage  l i g h t  l e v e l  of 75 
pe rcen t  of  t h e  c leaned,  relamped f i x t u r e  l i g h t  
l e v e l ,  reducing t h e  average l i g h t  l e v e l  from 118 t o  
89 foo tcand les .  
The l i g h t  d i s t r i b u t i o n  r a t i o  inc reased  from 1.01 
a f t e r  t h e  f i x t u r e s  were c l eaned  and new lamps 
i n s t a l l e d  t o  1.09 when r e f l e c t o r s  were  i n s t a l l e d  
and t h e  f i x t u r e s  were delamped. Because of t h e  
i n i t i a l  l i g h t  l e v e l s  and t h e  evenly  spaced 
f i x t u r e s ,  t h i s  room was an i d e a l  c a n d i d a t e  f o r  
r e f l e c t o r s .  F i g u r e s  3B through 3E g i v e  t h e  l i g h t  
l e v e l  i n t e n s i t y  d i s t r i b u t i o n  f o r  t h e  room under t h e  
v a r i o u s  l i g h t i n g  c o n d i t i o n s .  
-. 
The t a b l e s  and c h a i r s  were a l l  moved 
t o  one s i d e  of t h e  room p r i o r  t o  t a k i n g  
measurements. One t a b l e  was s e l e c t e d  on which t o  
l o c a t e  t h e  l i g h t  meter .  The meter was a l i g n e d  
below t h e  c e i l i n g  g r i d  u s i n g  a  plumb-bob. 
L i k e  Room A-4, t h e  f i x t u r e s  i n  Room 22 were  
evenly  d i s t r i b u t e d  and r a t h e r  than  i n  rows. 
Although measurements were made d u r i n g  t h e  s a v e  
evening,  t h e  v o l t a g e  f l u c t u a t i o n s  exper ienced i n  
Room A-4 were n o t  evidenced i n  Room 22. Vol tage  
remained r e l a t i v e l y  c o n s t a n t ,  va ry ing  by l e s s  than 
p l u s  o r  minus one pe rcen t .  Temperature  v a r i e d  by 
p l u s  o r  minus f i v e  p e r c e n t  between t h e  f o u r  t e s t s .  
Results. Cleaning t h e  lamps, f i x t u r e s  and 
l e n s e s  r e s u l t e d  i n  l i g h t  l e v e l  i n c r e a s e s  of l e s s  
than  one p e r c e n t ,  w i th  ave rage  l i g h t - l e v e l  
measurements i n c r e a s i n g  from 69  t o  70 foo tcand les .  
Relamping i n c r e a s e d  ave rage  l i g h t  l e v e l s  t o  81 
f o o t c a n d l e s ,  an  i n c r e a s e  of  1 6  pe rcen t .  R e f l e c t o r s  
and delamping provided an  ave rage  of 8 0  pe rcen t  of  
t h e  c l eaned ,  relamped f i x t u r e  l i g h t  l e v e l ,  a  
r e d u c t i o n  i n  ave rage  l i g h t  l e v e l  t o  65 foo tcand les .  
Using s t anda rd  e f f i c i e n c y  lamps i n s t e a d  of  
e n e r g y - e f f i c i e n t  lamps would probably  i n c r e a s e  
l i g h t  l e v e l s  t o  70 f o o t c a n d l e s ,  making t h i s  an  
a c c e p t a b l e  i n s t a l l a t i o n .  
The l i g h t  d i s t r i b u t i o n  r a t i o  was i n c r e a s e d  from 
1.02 t o  1.15 between t h e  t e s t  wi th  c l eaned  f i x t u r e s  
and new lamps t o  t h e  t e s t  w i th  r e f l e c t o r s  and 
delamping. While n o t  d i s t r a c t i n g ,  t h i s  i n c r e a s e  i n  
t h e  l i g h t  d i s t r i b u t i o n  r a t i o  was n o t i c e a b l e .  
F i g u r e s  4B through 4E show t h e  l i g h t  i n t e n s i t y  
d i s t r i b u t i o n  f o r  t h e  v a r i o u s  l i g h t i n g  c o n d i t i o n s  i n  
t h e  room. 
VARIABLES AND CONSIDERATIONS 
While i t  was t h e  a u t h o r ' s  i n t e n t  t o  minimize t h e  
e f f e c t s  of a s  many v a r i a b l e s  a s  p o s s i b l e ,  c e r t a i n  
o t h e r  v a r i a b l e s  and c o n s i d e r a t i o n s  may l i m i t  t h e  
a b i l i t y  t o  g e n e r a l i z e  from t h e  c o n c l u s i o n s  of  t h i s  
paper.  These v a r i a b l e s  and c o n s i d e r a t i o n s  fo l low.  
Pr-v (VCP) I&. 
R e l a t i v e  l i g h t  l e v e l s  w i l l  n o t  n e c e s s a r i l y  i n d i c a t e  
t h e  a c c e p t a b i l i t y  of  a  g iven l i g h t i n g  sys tem.  The 
VCP was n o t  measured a s  p a r t  of t h i s  t e s t  s e r i e s .  
ers -v (UL) R a t i r g .  
Modi f i ca t ion  of f i x t u r e s  by t h e  i n s t a l l a t i o n  of 
r e f l e c t o r s  may void t h e  U L - l i s t i n g  of t h e  f i x t u r e .  
T h i s ,  i n  t u r n ,  may a f f e c t  t h e  t e rms  of  t h e  b u i l d i n g  
i n s u r a n c e  po l i cy .  
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FIGURE 2. DIMENSIONS AND LlGHT DISTRIBUTIONS FOR ROOM 119 
FIGURE 2A. DIMENSIONS OF ROOM 11 9 
2 
FIGURE 26. AS-FOUND LlGHT LEVEL DISTRIBUTION 
AVERAGE OF LlGHT LEVEL READINGS: 42.9 
FIGURE 2D. CLEANED FIXTURES, 
NEW LAMPS, DELAMPED 
AVERAGE OF LlGHT LEVEL READINGS: 49.0 
FIGURE 2E. DELAMPED AND REFLECTORS 
AVERAGE OF LlGHT LEVEL READINGS: 64.3 
FIGURE 2C. CLEAN FIXTURES, NEW LAMPS, G-20 
FULLY LAMPED FIXTURE 
AVERAGE OF LIGHT LEVEL READINGS: 94.8 
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FIGURE 3. DIMENSIONS AND LIGHT DISTRIBUTIONS FOR ROOM A-4 
FIGURE 3A. DIMENSIONS OF ROOM A-4 
Z 
FIGURE 3D. NEW LAMPS 
AVERAGE OF LIGHT LEVEL READINGS: 118.0 
Z 
FIGURE 38. AS-FOUND LIGHT LEVEL DISTRIBUTION 
FIGURE 3E. DELAMPED AND REFLECTORS 
AVERAGE OF LIGHT LEVEL READINGS: 88.6 
FIGURE 3C. CLEAN FIXTURES G-2 1 
AVERAGE OF LIGHT LEVEL READINGS: 107.0 
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FIGURE 4. DIMENSIONS AND LlGHT DISTRIBUTIONS FOR ROOM 22 
FIGURE 4A. DIMENSIONS OF ROOM 22 
FIGURE 48. AS-FOUND LlGHT LEVEL DISTRIBUTION 
AVERAGE OF LlGHT LEVEL READINGS: 69.0 
FIGURE 4C. CLEANED FIXTURES 
AVERAGE OF LlGHT LEVEL READINGS: 69.7,- 
FIGURE 4D. NEW LAMPS 
AVERAGE OF LlGHT LEVEL READINGS: 81.0 
FIGURE 4E. DELAMPEI) AND REFLECTORS 
AVERAGE OF LlGHT LEVEL READINGS: 64.7 
ESL-HH-89-10-24
Proceedings of the Sixth Symposium on Improving Building Systems in Hot and Humid Climates, Dallas, TX, October 3-4, 1989 
Durabilltv/Llfe. The t e s t  d e s c r i b e d  i n  t h i s  
paper  does  n o t  make a  s t a t e m e n t  conce rn ing  
d u r a b i l i t y  o r  l i f e  of t h e  r e f l e c t o r s .  Acce le ra t ed  
a g i n g  t e s t s  have been conducted on s e v e r a l  s p e c u l a r  
r e f l e c t o r s  and can be  r eques t ed  from t h e  
manufacturers .  The q u a l i t y  of l a m i n a t i o n  w i l l  be a  
f a c t o r  i n  r e f l e c t o r  l i f e  independent  of t h e  q u a l i t y  
o f  t h e  s i l v e r i z e d  f i l m .  The e f f e c t  o f  c l e a n i n g  
compounds and method o f  a p p l i c a t i o n  (e.g., s o f t  
r a g ,  sponge, brush)  on t h e  r e f l e c t o r  s u r f a c e  should  
a l s o  be  cons ide red .  S e e  "Epilogue" below f o r  more 
comments on d u r a b i l i t y .  
AooearancelPerformance. Reduced l i g h t  
l e v e l s  may very  w e l l  be  s a t i s f a c t o r y  when t h e  
energy s a v i n g s  a r e  cons ide red .  Delamped f i x t u r e s  
w i t h  r e f l e c t o r s  t y p i c a l l y  look f u l l y  lamped. G l a r e  
on computer s c r e e n s  t e n d s  t o  be  reduced.  
Reflector. S p e c u l a r  
r e f l e c t o r s  a r e  t y p i c a l l y  of two c l a s s e s :  r e a r  
r e f l e c t i v e  and f r o n t  r e f l e c t i v e .  Manufac tu re r s  
c l a im  a  d i f f e r e n c e  i n  r e f l e c t i v i t y .  T h i s  test d i d  
n o t  a t t e m p t  t o  d i f f e r e n t i a t e  between t h e  two. 
A d d i t i o n a l l y ,  r e f l e c t o r s  a r e  a v a i l a b l e  w i t h  o t h e r  
s u r f a c e  f i n i s h e s  such a s  po l i shed  o r  anodized 
aluminum. R e f l e c t o r s  c a n  a l s o  be  s p e c i f i c a l l y  
con f igu red  f o r  each  f i x t u r e  and,  f o r  a  g i v e n  
f i x t u r e ,  can  be  f a b r i c a t e d  f o r  narrow l i g h t  f o c u s  
( u s e f u l  f o r  a i s l e  ways) o r  a  w ide r  p a t t e r n .  The 
Beulah School  r e f l e c t o r s  were r e a r  r e f l e c t i v e  and 
t h e  Augusta Co l l ege  r e f l e c t o r s  were f r o n t  
r e f l e c t i v e .  Both were  f a b r i c a t e d  f o r  a  wide  
p a t t e r n  l i g h t  focus .  
Age of  Pixture/Lens. Olde r  f i x t u r e s  and l e n s e s  
w i l l  o p e r a t e  a t  lower e f f i c i e n c i e s  due  t o  d i r t  and 
d e g r a d a t i o n  compared t o  newer ones  employing 
improved d e s i g n s  and m a t e r i a l s .  O lde r ,  deepe r  
f i x t u r e s  would seem t o  be  t h e  b e t t e r  c a n d i d a t e s  f o r  
r e t r o f i t  w i t h  r e f l e c t o r s .  The a g e s  of t h e  f i x t u r e s  
and l e n s e s  and t h e  d a t e  o f  t h e  most r e c e n t  c l e a n i n g  
were  unknown f o r  a l l  rooms. 
r e  Tv ne/Heieht/Soacine. The f i x t u r e  t ype ,  
h e i g h t  and spac ing  may r e d u c e  t h e  a p p l i c a b i l i t y  o f  
t h i s  l i g h t - l e v e l  su rvey  t o  rooms a t  o t h e r  
l o c a t i o n s .  F i x t u r e s  a r r anged  i n  con t inuous  raws, 
however, seem l e s s  s u i t a b l e  f o r  r e f l e c t o r s  because  
less l i g h t  is d i s t r i b u t e d  t o  t h e  e x t r e m i t i e s  of t h e  
room and between rows, r e s u l t i n g  i n  g r e a t e r  room 
l i g h t - l e v e l  v a r i a t i o n s .  Rooms w i t h  g r e a t e r  f i x t u r e  
mounting h e i g h t s  seem t o  a l l o w ' f o r  b e t t e r  
d i s t r i b u t i o n  of l i g h t  w i t h  less i n t e n s i t y  
v a r i a t i o n s  a c r o s s  t h e  room. 
CONCLUSIONS 
Accura t e  comparison o f  r e l a t i v e  l i g h t  l e v e l s  
when f i x t u r e  r e f l e c t o r s  a r e  i n s t a l l e d  a s  an  
energy-saving measure depends on many f a c t o r s ,  t h e  
most i m p o r t a n t  be ing  t h a t  c l e a n  f i x t u r e s  w i t h  new 
lamps a r e  used f o r  l i g h t - l e v e l  measurements b o t h  
b e f o r e  and a f t e r  r e f l e c t o r  i n s t a l l a t i o n .  For  t h e  
f o u r  rooms inc luded  i n  t h i s  s t u d y ,  c l e a n i n k  t h e  
f i x t u r e s  and i n s t a l l i n g  new lamps i n c r e a s e d  l i g l i t  
l e v e l  measurements i n  t h e  rooms by 1 0  t o  22 
percent .  The f i x t u r e s  i n _ t h e  f o u r  rooms were  w e l l  
mainta ined and ,  t h e r e '  ?he i n c r e a s e  i n  l i g h t  
l e v e l s  a t t r i b u t a b l e  t o  c l e a n i n g  and re lamping a r e  
probably  c o n s e r v a t i v e .  
Based on t h e  l i m i t a t i o n s  o f  t h i s  f i e l d  test ( s e e  
p reced ing  s e c t i o n )  t h e  i n s t a l l a t i o n  of s p e c u l a r  
r e f l e c t o r s  i n  e x i s t i n g  f i x t u r e s  and t h e  removal o f  
h a l f  o f  t h e  lamps and b a l l a s t s  w i l l  r educe  l i g h t  
l e v e l s  t o  6 0  t o  8 0  p e r c e n t  o f  t h e  c l e a n ,  
fully-lamped f i x t u r e  l i g h t  l e v e l s  i n  good 
a p p l i c a t i o n s .  Cla ims made by r e f l e c t o r  vendor s  and 
manufac tu re r  r e p r e s e n t a t i v e s  t h a t  r e f l e c t o r s  can  
i n c r e a s e  l i g h t  l e v e l s  w h i l e  s a v i n g  5 0  p e r c e n t  of 
t h e  l i g h t i n g  energy b i l l  a r e  unfounded i f  d e s i g n  
l i g h t  l e v e l s  a r e  t o  be ma in t a ined .  
S p e c u l a r  r e f l e c t o r s  t end  t o  c o n c e n t r a t e  t h e  
l i g h t  benea th  t h e  f i x t u r e  and l e a v e  somewhat d a r k e r  
a r e a s  between rows of f i x t u r e s  and a l o n g  w a l l s .  
T h i s  e f f e c t  is c o n s i d e r a b l y  l e s s  pronounced i n  
rooms w i t h  h i g h  c e i l i n g s  and e v e n l y  spaced 
f i x t u r e s .  Only a f t e r  c a r e f u l  s t u d y  and 
c o n s i d e r a t i o n  shou ld  r e f l e c t o r s  be  i n s t a l l e d  i n  
rooms w i t h  f i x t u r e s  i n  c o n t i n u o u s  rows and w i t h  low 
c e i l i n g s .  
S p e c u l a r  f l u o r e s c e n t  f i x t u r e  r e f l e c t o r s  a r e  
recommended a s  a  means t o  r e d u c e  l i g h t i n g  energy 
consumption where lower  l i g h t  l e v e l s  a r e  
a c c e p t a b l e .  Where l i g h t  l e v e l s  a r e  a l r e a d y  
marg ina l ,  r e f l e c t o r s  shou ld  n o t  be  i n s t a l l e d  
w i t h o u t  some means of f i r s t  i n c r e a s i n g  f i x t u r e  
l i g h t  o u t p u t .  
EPILOGUE 
The q u e s t i o n  o f  s p e c u l a r  r e f l e c t o r  d u r a b i l i t y  
h a s  remained on t h e  minds of many, i n c l u d i n g  t h e  
a u t h o r .  C o n v e r s a t i o n s  i n  t h e  second q u a r t e r  o f  
1989 w i t h  p e r s o n n e l  from f o u r  i n s t i t u t i o n s  hav ing  
r e f l e c t o r  i n s t a l l a t i o n s  f rom two t o  f o u r  y e a r s  o l d  
gave some i n t e r e s t i n g  i n s i g h t s .  They i n c l u d e  a  
bank, a  depa r tmen t  s t o r e ,  a  h o s p i t a l  and a  
government h e a l t h  f a c i l i t y .  
A l l  c o n t a c t e d  pe r sonne l  were  p l eased  w i t h  t h e  
l i g h t  l e v e l s  and none had s e e n  any s i g n s  of 
de l amina t ion  o r  bubb l ing  o f  t h e  r e f l e c t i v e  f i l m .  
S c r a t c h e s  on t h e  r e f l e c t o r s  caused by f i n g e r n a i l s  
and t u b e  p i n s  were  noted  i n  one  i n s t a n c e .  
U n f o r t u n a t e l y ,  none of t h e  f a c i l i t i e s  have  c l eaned  
t h e  r e f l e c t o r s  and none have  t aken  l i g h t  l e v e l  
r e a d i n g s  t h a t  compare d e s i g n  l i g h t  l e v e l s  w i t h  
t h o s e  a f t e r  r e f l e c t o r s  were  i n s t a l l e d  o r  w i t h  
c u r r e n t  l i g h t  l e v e l s .  The on ly  l i g h t  l e v e l  
r e a d i n g s  a v a i l a b l e  a r e  t h o s e  made by t h e  vendor s  o f  
as-found l e v e l s  and l i g h t  l e v e l s  a f t e r  t h e  
i n s t a l l a t i o n  o f  r e f l e c t o r s .  
Concerned t h a t  t h e s e  f o u r  f a c i l i t i e s  a l l  
r e p r e s e n t e d  s u c c e s s  stories, t h e  a u t h o r  c a l l e d  a  
h igh - l eve l  manager o f  a l s t g e ' f i x t u r e  manufac tu re r .  
(The manager had a u t h o r e d  8 t e c h n i c e l  b r i e f  s e v e r a l  
y e a r s  ago r a i s i n g  q u e s t i o n s  r e g a r d i n g  t h e  
d u r a b i l i t y  o f  r e f l e c t o r s . )  When asked f o r  
m i s a p p l i c a t i o n s  o r  problem i n s t a l l a t i o n s  
( s p e c i f i c a l l y  d e l a m i n a t i o n  and bubbl ing)  h e  was 
u n a b l e  t o  name any. It would appea r  t h a t  
r e f  z o r s  have c o n s i d e r a b l y  more s a t i s f i e d  
cus ?rs than  d i s s a t i ~  i e d  ones .  
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